Abstract-Experimental test has been done due to realize the characteristics of the behavior of voltage-time in the case of rodplane air gap of 70mm and 100mm. Impulse voltage has been applied in this regard to find out the voltage at breakdown level, time to breakdown value, time to complete discharge, comparison of trajectory of the waveshape and the significant points of the increasing the gap distance. The results depicted that, the breakdown voltage was dependent on the integral of applied voltage and discharge time was more dependent on the gap value compared to other conditions.
INTRODUCTION
Air gap switches are considered as important issue once the protection is required for some equipment that would face transient over voltages. In other word, for the protection of surface of some electrical equipment, air gap switches are used in which there is no electrical connection between the surface of the equipment and the ground in the steady state conditions. Telecommunication towers can be expressed as a good example in this regard. However, there have been many studies on the calculation of electric field and induce voltage caused by lightning or switching over voltages to the high voltage lines or the towers [1] [2] [3] [4] .
Applying Impulse voltage to an air gap would cause a breakdown air gap that statistical approaches such as Up and Down method is used to find the 50% of impulses which cause breakdown (so called ) [5] . There have been various studies in the case of lightning and switching discharge of rod-plane gap in which the shape of rod and plane, the distance between them and the polarity have been discussed. A positive and negative discharge of 16.7m rod-plane air gap has been done [5, 6] . Similar studies have been done for discharge of rod-plane gap for up to 7m in which voltage at breakdown and time to breakdown have been measured [7, 8] .
The spark-over characteristics of critical time to crest for positive switching impulse voltage of long air gap has been investigated [9] [10] [11] [12] . An experimental test has been done to find out the trajectory variation of the leader tip as a function of time for 16.7 m air gap; continuous, oscillatory and restrike were the main three types of found propagations [5] .
Although, lightning attachment as well as breakdown characteristics are affected by environmental conditions such as humidity, temperature and pressure [13] [14] [15] [16] , they are independent of rod tip radius between 0.05-5 cm [13, [17] [18] [19] .There are several reports in the case of influence of humidity on breakdown such as [20] in which the effects of humidity have been investigated for positive DC spark-over of short and long air gap. This study has been conducted to find out the relation between the time to breakdown and integral of voltage as well as the function of gap distance. The discharge time dependency of environmental conditions such as humidity, pressure and temperature has been discussed.
II. METHODOLOGY
A positive rod-plane air gap of 70 mm and 100 mm have been implemented in this experiment. The rod and plane were made by aluminum in which the diameter and length of rod were 12 mm and 100mm respectively while the diameter and thickness of the plane were 500 mm and 2 mm respectively. The rod was connected to the voltage source and the plane was grounded. The experimental set-up for rod-plane air gap of 70 mm has been shown in Fig.1 . The test has been done to characterize the behavior of timevolt in the different distances and different input voltages. Marx impulse voltage generator was the source of the voltage in which the first stage has been used of which the maximum peak voltage is 120 kV. Thereafter, 82 kV has been applied to the rod-plane gap of 70 mm air gap while 90 kV has been applied for that of 100 mm air gap. The test has been repeated for 4 breakdown moments for each applied voltage. Consequently, all the waveshapes of a group are compared in a single waveshape. Fig. 2 shows the breakdown moment that results from ionizing the surrounded air between the rod and plane. A camera has been used to capture the breakdown moment and oscilloscope was used as the measuring device to receive the output waveforms. The temperature and humidity have been recorded during the tests. Fig.3 depicts a real example of air breakdown waveshape in which and are time to breakdown and time to complete discharge respectively. In this figure two characteristics ( ) are defined to calculate the voltage at breakdown and time to breakdown which is done by the integrating of the area under the curve as fallow: As can be seen in Fig.3 , the voltage at breakdown has not necessarily occurred at the voltage peak. and are calculated from the equations 1 and 2:
(1)
Where is the level of voltage that breakdown occurs at .
Where is the time to complete discharge when the voltage reach zero.
III. RESULTS
In order to characterize the behavior of time to breakdown, voltage at breakdown, gap distance and environmental conditions, all the waveshapes of rod-plane air gap of 70 mm have been illustrated in a single graph shown in Fig.4 . Thereafter, it is possible to calculate the integral of the waveshapes utilizing equation 1 and 2. The specified integral is so important that the under curve area can be calculated. As can be seen in Fig.4 and 5, four breakdown moments have been recorded in the case of 70 mm and 100 mm air gap so that, some differences are easily observable such as the difference between the time to breakdown and time to complete discharge. This distance can be extended to any other distances. Consequently, tables 1 and 2 have been constructed to depict the results of Fig4-5 that the values of integral of voltage, time to breakdown and complete discharge time have been put on the tables with respect to the gap distances. Table 1 illustrates the results of the waveshapes of 70 mm air gap.
Since the tests have been done in Malaysia that is a humid country, the temperature and humidity have been recorded that are variable between 24 -27. 3 and 52-57% respectively. Thereafter, the results of environmental conditions can be viewed in Fig4 and 5 as well as table1 and2. 
DISCUSSION
As it is clear from the results shown in tables 1 and 2, the breakdown voltage increases as long as the distance between the two points (that are rod and plane) increases. In other word, the longer the distance the greater the value of breakdown voltage. This result approves what have been done in the literature and represents that the longer air gap has higher resistivity. Another point of these results is that the increasing of the distance between the rod and plane is resulted in to increasing of the value of which is the point that breakdown occurs that is so called voltage at breakdown. Another valuable point taken from the given results is that as long as the distance between the rod and plane is increased, the time to breakdown ( ) as well as the time to complete discharge ( ) are increased. It is an important issue to mention the interval of the time to breakdown and time to complete discharge is between 15-20 μs, no matter what the distance is. As can be seen from the waveshapes in Fig.4 and 5 the slope is roughly the same for all the waveshapes that means the trend for time to reach zero volt is similar in every waveshape and the increasing the distance or voltage does not have effect on it. As can be seen from the results, the under curve area of breakdown voltage can be now easily specified that contributes to calculate the voltage at breakdown and time to breakdown in so many applications in more convenience. For example, in the case of tower struck by lightning, there would be induced voltage to the tower and it affects the equipment connected to the tower even if the tower has its own lightning protection systems. Then, the effects of this configuration and integral come into use. The configuration can be installed in the top of the tower in order to make a path for any induced voltage such as lightning. Finally yet importantly, based on table 1 and 2, the results have depicted that although environmental conditions such as temperature, humidity and pressure may affect the voltage at breakdown, the effectiveness is negligible regarding the time difference between time to breakdown and complete discharge. It can be argued that since the value of the time difference remained almost constant, the effectiveness is not of an important issue.
V. CONCLUSION
The characteristics of volt-time curve of positive impulse breakdown in the case of rod-plane air gap of 70 mm and 100 mm has been investigated and the results have been compared with each other. Although, the distance can be varied to any other distances and the under curve area can be easily calculated from the specified integral. It helps to designers, such as telecommunication tower designers, to promote their systems with the new model to avoid any probable induced voltage caused by lightning with implanting the model and calculate the distance. Therefore, having such integral can play an important role in high voltage area. lastly, the main outcomes of the results, as it is clear from the graphs shown in Fig.4 and 5 and table 1 and 2 ,are that by the increasing the distance the breakdown voltage level ( ), voltage at breakdown ( ), time to breakdown ( ) and time to complete discharge ( ) are enhanced. Nevertheless, the difference between the values of and shows its independency from varying the gap of rod and plane.
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